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SYNTHESIS OF SUPERCONDUCTING MAGNESIUM DEBORDDE OBJECTS 



FIELD OF THE INVENTION 

[0001] The present invention relates generally to superconductivity, and more particularly 
relates to a method of manufacturing superconducting magnesium diboride objects. 

BACKGROUND OF THE INVENTION 

[0002] The recent discovery of superconductivity in magiesium diboride (MgB2) having 
a superconducting transition temperature (Tc) of approximately thirty nine degrees Kelvin (39 
K) introduced a new, simple binary intermetallic superconductor having three atoms per 
formula unit. MgB2 has a Tc that is higher by almost a factor of two of any known non-oxide 
and non-C60"based compound. Measurements of the boron isotope effect in MgB2, which is 
an indication of the extent to which-phonons mediate superconductivity, are consistent with 
the superconductivity being mediated via electron-photon coupling. Measurements of the 
upper critical field, Hc2(T), the thermodynamic critical field, Hc(T), and the critical current, 
Jc, indicate that MgBi is a type-II superconductor with properties that are consistent with an 
intermetallic superconductor that has a Tc of approximately 40 K. 
[0003] It is believed that MgB2 forms via a process of diffusion of magnesium (Mg) 
vapor into boron grains. Superconducting wire, tape, and film can be used for research and 
applied purposes. For example, superconducting wire can be used for making 
superconducting magnets, fault-current limiters, and for power transmission. Films can be 
used to make Josephson junctions, SQUIDS (superconducting quantum interference devices), 
micro-electronic interconnects and other devices. The films can also be used to coat 
microwave cavities and other objects. 

BRIEF SUMMARY OF THE INVENTION 

[0004]. It is an object of the instant invention to provide a method of manufacturing 
magnesium diboride wires, tapes, and films. It is a fiirther object of the instant invention to 
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provide a method of manufacturing magnesium diboride wire using boron filaments and films 
using boron films. 

[0005] In view of the above objects, it is an object of the instant mvention to provide a 
method of manufacturing magnesium diboride wire and films utilizing simple cost ejffective 
techniques. 

[0006] In accordance with an embodiment of the instant invention, a method of 
manufacturing magnesium diboride wire or film comprises the steps of exposing boron 
filaments, tape, or film to Mg vapor for a predetermined time and temperature to form MgB2 
wire, t^ or fihn, removing the formed MgB2 wire, tape or fihn from the Mg vapor, and 
either quenching the MgBa wire, tape or fihn to near ambient temperatures or quenching the 
reaction vessel to near ambient temperatures and removing the MgB2 wire, tape or film from 
the reaction vessel. 

10007] In accordance with an alternate embodiment of the instant invention, a method of 
manufacturing magnesium diboride wire, tape or film comprises the steps of: a) sealing at 
least one boron filament, tape or film and magnesium into a tantalum (Ta) or similarly inert 
tube with excess magnesium with respect to MgB2; b) protecting the tantalum from oxidation ' 
(e.g., sealing the Ta tube in quartz) ; c) heating the sealed Ta tube at 950 C for two hours or 
less for a boron filament diameter of 1 00 micrometers (with differing heating times and 
temperatures for differing thicknesses of boron used); d) quenching the Ta tube to room . 
temperature and removing the formed magnesium diboride wire, tape or film from the Ta 
tube. 

[0008] Other objectives and advantages of the invention will become more apparent from 
the following detadled description when taken in conjunction with the accompanying 
drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The accompanying drawings incorporated in and forming a part of the 
specification illustrate several aspects of the present invention, and together with the 
description serve to explain the principles of the invention. In the drawings: 
[0010] FIG. la is a flow diagram for illustrating a methodology for manufacturing 
magnesium diboride wire; 



wo 02/064859 PCTAJS02/04004 

3 

[0011] FIG. lb is a flow diagram for illustrating an alternate methodology for 
manufacturing magnesium diboride wire; 

[0012) FIG. 2a is a cross-sectional view of a boron filament used in the manufacturing of 
magnesium diboride wire; 

[0013] FIG. 2b is a cross-sectional view of magnesium diboride wire made in accordance 
with the teachings of the instant invention; 

[0014] FIG. 3 is an image of magnesium diboride wires made in accordance with the 
teachings of the instant invention; 

[0015] FIG. 4 is a graphic illustration of the magnetization divided by an applied 
magnetic field of 25 Oe for a zero field cooled magnesium diboride wire made in accordance 
with the teachings of the instant invention; 

[0016] FIG. 5 is a graphical plot illustrating the relationship between the electrical 
resistivity of magnesium diboride wire and temperature; 
[0017] FIG. 6 is an expanded view of the resistivity data of FIG. 5 near the 
superconducting transition temperature; and 

[0018] FIG. 7 is a graphic illustration of Hc2(T) data inferred Jfrom the resistivity data 
similar to that shown in figure 5; and 

[0019] FIG. 8 is a graphic illustration of the superconducting critical current density as a 
fimction of an applied field for temperatures ranging firom 5K to 35K in increments of 5K. 
[0020] While the invention will be described in connection with certain preferred 
embodiments, there is no intent to limit it to those embodiments. On the contrary, the intent 
is to cover all alternatives, modifications and equivalents as included within the spirit and 
scope of the invention as defined by the appended claims. 



DETAILED DESCRIPTION OF THE INVENTION 



[0021] While the instant invention may be used to manufacture magnesixmi diboride 
(MgB2) objects such as MgB2 wire, tape, and fihn, the instant invention will be described 
using MgB2 wire. Those skilled in the art will recognize that the process used to make the 
MgB2 wire can also be used to make MgB2 film, tape or any other form or structure by 
turning boron having a similar morphology (i.e., form) into MgB2 via exposure to magnesium 
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vapor. For example, boron coatings on cavities or other devices could be turned into MgBi 
coatings. Turning now to figure la, the steps to manufacture magnesium diboride (MgB2) 
wire are shown. Boron filaments are fed into a reaction chamber or vessel (step 100). The 
boron filaments may be continually fed into the reaction vessel or pre-cut to a specified 
length. The boron filaments are exposed to Mg vapor in the reaction vessel for a 
predetermined time and temperature to form MgBa wire (step 102). The vapor pressure is 
determined by the reaction vessel temperature using well established vapor pressure versus 
temperature curves as known in the art. The minimum exposure time increases with 
increasing filament diameter and decreases with increasing temperature. For example, a 100 
micrometer diameter boron filament that is exposed to Mg vapor heated to or near 950 C for 
approximately two hours fonns MgB2 vwre. A 140, 200, or 300 micrometer diameter 
filament must be heated longer than two hours for the transformation to be completed. The 
140 and 200 micrometer diameter filaments form wire when exposed to Mg vapor heated to 
or near 950 C for near 6 hours and the 300 micrometer diameter filaments form wire when 
exposed to Mg vapor heated to or near 950 C for nearl5 hours. During the heating step, 
MgB2 wire is formed as a result of the reaction between the boron filaments and the Mg 
vapor. After the MgB2 wire has been formed, the MgB2 wire is removed from the reaction 
vessel (step 1 04). The MgB2 wire is quenched to near ambient temperatures or is cooled at a 
predetermined ramp rate. 

[0022] The same process is used for other boron objects. For example, MgB2 films are 
created by depositing boron film on a substrate inert to the Mg vapor such as strontium 
titanate. The film is deposited using pulsed laser deposition or other known methods of 
deposition. Once the boron film is deposited on the substrate, the film is placed or fed into a 
reaction vessel and exposed to Mg vapor for a predetermined time and temperature. For 
example, a one micrometer thick boron film that is exposed to Mg vapor heated to or near 
950 C for approximately a half hour forms MgB2 film. After the MgB2 film is fomied, the 
film is removed from the reaction vessel and either quenched to near ambient temperature or 
is cooled at a predetemtiined ramp rate. 

[0023] Turning now to figure lb, the steps to manufacture magnesium diboride (MgBa) 
wire using an alternate embodiment are shown. Boron filaments and magnesium are placed 
into a tantalum (Ta) or other inert tube such as niobium, molybdenum, tungsten, and possibly 
iron and some steels (step 110). The nominal ratio of magnesium to boride in the Ta tube is * 
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Mg2B. While a nominal ratio of Mg2B was used, those skilled in the art will recognize that 
other ratios may be used provided that there is excess magnesium with respect to MgB2 (i.e., 
the ratio of Mg:B is greater than 1 :2). The Ta tube is then sealed in quartz or an equivalent 
material to protect the Ta from oxidation at elevated temperatures (step 112). Those skilled 
in the art will recognize that other methods of providing such protection can be used. The 
sealed Ta tube is placed in a box furnace at a temperature of 950 C for approximately two 
hours (step 1 14). The Ta tube is then removed and cooled to room temperature (step 116), 
MgB2 wire fomis during the temperature soak at 950 C and the wire is removed when the Ta 
tube is near room ambient temperature (step 1 1 8). 

[0024] Now that the manufacturing processes have been described, the characteristics of 
tfie MgB2 wire formed will now be described. Turning now to figures 2a and 2b, the boron 
filament 200 and MgB2 wire 210 are shown. In figure 2a, a cross-section of a boron filament 
200 is shown. The boron filament diameter 202 is 100 )j.m and it has a tungsten/tungsten 
boride core 204 having a diameter of approximately 15 )im. The tungsten/tungsten boride 
core 204 is part of the boron filament 200 and does not appear to be effected by the exposure 
of the boron filament 200 to magnesium. As discussed hereinbelow, the tungsten/tungsten 
boride core 204 does not seem to effect the superconducting properties of the resulting MgB2 
wire. While a 100 ^m diameter filament was used, it should be recognized that other 
diameters and boron tapes may be used with appropriate changes in temperature and time of 
exposure to Mg vapor. Figure 2b shows a cross-section of MgB2 wire 210 produced after 
steps 100-104 or 110-118 are taken. In figure 2b, the MgB2 wire 210 has a diameter 212 of 
approximately 160 ^im. The increased diameter of the MgB2 wire 210 is consistent with 
observations that there is an expansion associated with the formation of MgBi powders 
during synthesis. 

[0025] Figure 3 shows an image of the resulting MgB2 wire segments 300. As can be 
seen, there has been significant warping and bending of the boron filament 200 as a result of 
the reaction with the magnesium vapor at high temperature. Although the MgBi wire 
segments 300 are somewhat brittle, the integrity of the filament segments is preserved during 
the exposure to the Mg vapor (i.e. the boron filaments 200 do not decompose or turn into 
powder). The MgB2 wire may be encased in a sleeve to increase mechanical stability of the 
MgB2 wire. 



wo 02/064859 PCTAJS02/04004 

6 

[0026] Based upon a diameter 2 1 2 of 1 60 urn and measuring the length and mass of 
several MgBi wire segments 300, the density of the wire is determined to be approximately 
2.4 g/cm^. This is to be compared with a theoretical value of 2.55 g/cm^ for a single crystal 
sample using lattice parameters a = 3. 14 A and c = 3.52 A for the hexagonal unit cell. This 
implies that the MgB2 wire segments 300 are probably better than approximately 90% of the 
theoretical density. It should be noted that the small tungsten/tungsten boride core would 
come in as a roughly 10% correction, and therefore is within the level of uncertainty. 
[0027] Turning now to figure 4, the temperature-dependent magnetization of MgBi wire 
is shown. The data were taken after the MgB2 wire segments 300 were cooled in a zero 
magnetic field and then warmed in a field of 25 Oe (Oersteds). Taking into account the 
aspect ratio of the MgB2 wire segments, a susceptibility very close to a value of -IMtc, which 
is the value expected for total shielding and a demagnetization factor close to zero, was 
obtained. The superconducting transition temperature (Tc) of 39.4 K is determined from 
these data by using an onset criterion (2% of -\J4n). The width of the temperature transition 
(10% -90%) is 0.9 K. 

[0028] Turning now to figure 5, the temperature-dependent electrical resistivity of MgBa 
wire segments 300 formed by the process of the present invention is shown. The resistivity, 
p, at room temperature has a value of 9.6 |iOhm-cm whereas p at 77 Kelvin has a value of 0.6 
|iOhm-cm and p at 40 Kelvin has a value of 0.38 jiOhm-cm. This leads to a residual 
resistivity ratio of RRR equal to 25.3. The resistivity for temperatures just above Tc is lower 
by a factor often to twenty over existing superconducting materials such as NbaSn. This 
means that the MgBi wire may manifest less need to be encased in a relatively higher 
conducting sleeve (such as copper) as required by materials such as NbsSn to keep wire 
resistance down in the event that temperature rises above the superconducting transition 
temperature of the material being used. It should be noted that the shape of the resistivity 
curve and the REJR values are qualitatively the same as the shape and RRR values observed 
for sintered pellets of polycrystalline Mg*°B2. The resistivity of the sintered pellet samples of 
polycrystalline Mg*^2 is approximately 1 ^Ohm-cm at 40 K. This somewhat higher value of 
the calculated resistivity for the sintered pellet samples of polycrystalline Mg^^Bi is 
consistent with the sintered pellet sample having an actual density substantially lower than 
either the MgB2 wire or the theoretical value. 
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[0029] The temperature-dependent resistivity shown in figure 5 can be fit by a power law 
of p = po + Pi with a approximately equal to 2.6 between the superconducting critical 
temperature, Tc, and 200 Kelvin. This is comparable to the power law R = Ri + Ri T*^ , with 
tti approximately equal to 2.8, found for the sintered Mg'*^2 pellet samples over a 
comparable temperature range. Due to the similarity of the two power laws, those skilled in 
the art will recognize that that the resistivity of MgB2 will not have a linear slope for 
temperatures between Tc and 300 Kelvin. On the other hand, using an average Fermi velocity 
of Of = 4.8 • l6! cm/s and a carrier density of 6.7 • 10^^ el/cm^ (two free electrons per unit 
cell) the electronic mean free path is estimated to be approximately 600 A at Tc. This is 
clearly an approximate value of the electronic mean free path, but with an estimated 
superconducting coherence length of approximately 50 A, these values place MgB2 wire 
segments 300 well within the clean limit, which those skilled in the art will recognize as a 
indication of high sample quality. This indicates that superconducting properties such as the 
upper critical field and critical current may be improved by the judicious addition of 
impurities. 

[0030] The superconducting transition temperature, Tc = 39.4 K, can be determined from 
both the magnetization and resistivity data shown in figures 4 and 5. This value is slightly 
higher than the Tc = 39.2 K value determined for isotopically pure Mg^ ^82, but is 
significantly lower that Tc = 40.2 K for Mg^°B2. The value is consistent with an approximate 
80% natural abundance of ^ ^B. It should be noted that the superconducting transition is both 
relatively high and sharp in the MgB2 vsdre segments 300. This means that either very few 
impurities are being incorporated into the MgB2 wire segments 300 or that what few 
impurities are being incorporated are having very little effect on either resistivity or Tq. 
Figure 6 shows an expanded view of the temperature-dependent resistivity data of figure 5 
near the superconducting transition temperature To. 

[0031] The temperature dependence of the upper critical field, Hc2(T), is illustrated in 
figure 7. For each field, three data points are shown. The three data points are onset 
temperature, temperature for maximum dp/dT, and completion temperature. Qualitatively 
these data are similar to the Hc2(T) data inferred from measurements on Mg^^Bi sintered 
pellets. Quantitatively, at an H of 9 T, the width of the resistive transition for a MgB2 wire 
segments 300 is roughly half of the width found for the sintered Mg*^B2 pellet samples. 
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These data are consistent with the wire sample being of comparable or better quality as the 
sintered pellet samples. 

(0032] Turning now to figure 8, data on the critical current Jc is shown. The open 
symbols, represented generally as 400, are Jc values extracted jfrom direct measurements of 
the current dependent voltage across the MgB2 wire segment 300 at given temperature 
and applied field values. The filled symbols, represented generally as 402, are Jc values 
inferred from magnetization loops by application of the Bean model. The temperature values 
are incremented every 5K and range firom 5K to 35K. 5K measurements and extrapolations 
are generally illustrated at line 404, lOK measurements and extrapolations are generally 
illustrated at line 406, 15K measurements and extrapolations are generally illustrated at line 
408, 20K measurements and extrapolations are generally illustrated at line 410, 25K 
measurements and extrapolations are generally aiustrated at line 412, 30K measurements and 
extrapolations are generally illustrated at line 414, and 35K measurements and extrapolations 
are generally illustrated at line 416. The dashed lines connect data sets taken at the same 
temperature. The direct measurement of Jc was limited to values below approximately 200 
A/cm^ due to resistive heating Scorn the leads attached to the MgBa wire segment 300 and 
contact resistance. As can be seen, the extrapolations of the directly measured, low Jc, data 
and the Bean-model-inferred, high Jc, data match up moderately well. In comparison to the Jc 
data for a sintered pellet of Mg^%, Jc for the MgBi wire segment 300 is roughly a factor of 
two higher at low fields and temperatures and over an order of magnitude higher at high 
fields. 

[0033] A simple technique of producing low resistivity, high density, high Tc MgBi in 
wire, tape, or film form via exposure of boron filaments, tape, or film to Mg vapor has been 
presented. The resulting MgBa wire has approximately 90% the theoretical density of MgB2 
and measurements of the temperature dependent resistivity reveal that MgB2 is highly 
conducting in the normal state. The room temperature resistivity has a value of 9.6 fiOhm- 
cm whereas the resistivity at a temperature of 40 K is 0.38 jiOhm-cm. This means that even 
in the normal state, MgB2 wires can carry significant current densities. This should be 
compared with the resistivity of NbaSn, which has a resistivity value of 1 1 jiOhm-cm at a 
temperature of 20K and a resistivity value of 80 jiOhm-cm at a temperature of 300 K. 
[0034] The MgB2 wires can be used for both research and applied purposes. Examples 
include, but are not limited to, superconducting magnets, power transmission lines, fault- 
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current limiters, and micro-electronic circuits (e.g. SQUIDS or interconnects). It should be 
noted that boron filaments and tapes are produced in a variety of sizes and of arbitrary 
lengths and that different applications may require different sizes of MgB2 wires or tapes. 
The conversion of boron filaments or tapes into MgBa wire or tapes as part of a continuous 
process leads to the possibility of simple manufacturing of light weight, high Tc, wires or 
. tapes with remarkably small normal state resistivities. Additionally, the process used in . 
creating the MgB2 wire or tape can be used to tum boron coatings on cavities or other devices 
mto high-quality superconducting films. 

[0035] The foregoing description of various embodiments of the invention has been 
presented for purposes of illustration and description. It is not intended to be exhaustive or to 
limit the invention to the precise embodiments disclosed. Numerous modifications or 
variations are possible in light of the above teachings. The embodiments discussed were 
chosen and described to provide the best illustration of the principles of the invention and its 
practical application to thereby enable one of ordinary skill in the art to utilize the invention 
in various embodiments and with various modifications as are suited to the particular use 
contemplated. All such modifications and variations are within the scope of the invention as 
determined by the appended claims when interpreted in accordance with the breadth to which 
they are fairly, legally, and equitably entitled. 



wo 02/064859 



PCTAJS02/04004 



10 

WHAT IS CLAIMED IS: 

1 . A method for producing a magnesium diboride object comprising the step of 
reacting a boron object with magnesium vapor at a predetennined time and temperature to 
forai the magnesium diboride object. 

2. The method of claim 1 wherein the magnesixmi vapor is enclosed in a reaction 
vessel, the method further comprising the steps of: 

feeding the boron object into the reaction vessel; 

removing the formed magnesium diboride object from the reaction vessel; and 
cooling the magnesium diboride object at a predetermined rate. 

3. The method of claim 1 wherein the boron object is boron fihn, the method 
ftirther comprising the step of depositing the boron film on a substrate inert to the 
magnesium vapor. 

4. The method of claim 1 wherein the boron object is a boron filament and 
wherein the step of reacting the boron object with the magnesiimi vapor at a predetermined 
time and temperature comprises the step of reacting the boron filament at a predetermined 
time and temperature. 

5. The method of claim 4 wherein the boron filament has a diameter of less than 
approximately one himdred micrometers and wherein the step of reacting the boron filament 
at a predetennined time and temperature coriiprises the step of reacting the boron filament at 
a temperature of approximately 950C for a time of approximately two hours to form 
magnesium diboride wire. 

6. The method of claim 4 wherein the boron filament has a diameter between 
approximately one himdred forty micrometers and two hundred micrometers and wherein the 
step of reacting the boron filament at a predetermined time and temperature comprises the 
step of reacting the boron filament at a temperature of approximately 950C for a time of less 
than approximately six hours to form magnesium diboride wire. 

7. The method of claim 4 wherein the boron filament has a diameter of 
approximately three himdred micrometers and wherein the step of reacting the boron filament 
at a predetermined time and temperature comprises the step of reacting the boron filament at 
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a temperature of approximately 950C for a time of less than approximately jBfteen hours to 
form magnesium diboride wire. 

8. The method of claim 5 further comprising the step of encasing the magnesium 
diboride wire in a conductive sleeve. 

9.. A method for producing a magnesium diboride object comprising the steps of: 
feeding the boron object into a reaction vessel having magnesium vapor within 
the reaction vessel; 

reacting the boron object with the magnesium vapor for a predetermined time 
at a predetermined temperature; 

removing the formed magnesium diboride object from the reaction vessel; and 
cooling the magnesixim diboride object at a predetermined rate. 

10. The method of claim 9 wherein the boron object is boron film, the method 
further comprising the step of depositing the boron film on a substrate inert to the 
magnesium vapor. 

1 1 . The method of claim 1 0 wherein the boron film has a thickness of 
approximately one micrometer and the step of reacting the boron object with the 
magnesium vapor for a predetermined time at a predetermined temperature comprises the 
step of reacting the bom film at a temperature of approximately 950 C for a time of 
approximately one half hour. 

12. The method of claim 9 wherein the boron object is a boron filament and 
wherein the step of reacting the boron object with the magnesium vapor at a predetermined . 
time and temperature comprises the step of reacting the boron filament at a predetermined 
time and temperature. 

13. The method of claim 12 wherein the boron filament has a diameter of less than 
approximately one hundred micrometers and wherein the step of reacting the boron filament 
at a predetermined time and temperature comprises the step of reacting the boron filament at 
a temperature of approximately 950C for a time of approximately two hours to form 
magnesium diboride wire. 

14. The method of claim 12 wherein the boron filament has a diameter of between 
one hundred forty and two hundred micrometers and wherein the step of reacting the boron 
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filament at a predetennined time and temperature comprises the step of reacting the boron 
filament at a temperature of approximately 950C for a time of less than approximately six 
hours to form magnesium diboride wire. 

1 5. The method of claim 12 wherein the boron filament has a diameter of less than 
approximately three hundred micrometers and wherein the step of reacting the boron filament 
at a predetermined time and temperature comprises the step of reacting the boron filament at 
a temperature of approximately 950C for a time of less than approximately fifteen hours to 
form magnesium diboride wire. 

16. A magnesium diboride wire formed by the step comprising exposing a boron 
filament to magnesium vapor in a reaction vessel for a predetermined time and temperature. 

1 7. The magnesium diboride wire of claim 1 6 wherein a ratio of magnesium to 
boroni is in excess of 1 :2. 

18. The magnesium diboride wire of claim 16 wherein the boron filament has a 
core comprised of a core material that is inert to magnesium vapor. 

19. The magnesium diboride wire of claim 16 wherein the core material is 
tungsten/tungsten boride. 

20. The magnesium diboride wire of claim 1 6 further comprising a conductive 
sleeve encasing the formed magnesium diboride wire. 

21 . A method for producing a magnesium diboride object comprising the steps of: 
putting a boron object and magnesium into an inert tube; 

heating the inert tube to a predetermined temperature for a predetermined time 
to form the magnesium diboride object; 

cooling the magnesium diboride object at a predetennined rate; and 
removing the formed magnesium diboride object firom the inert tube. 

22. The method of claim 21 wherein the magnesium diboride object is one of 
wire, tape, and film and wherein the step of heating the inert tube to a predetermined 
temperature for a predetennined time to form the magnesium diboride object comprises the 
step of heating the inert tube to approximately 950 C for a predetermined time to form the 
magnesium diboride object 
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23. . The method of claim 22 wherein the one of wire, tape, and film has a diameter 
or thickness, and wherein the step of heating the inert tube to approximately 950 C for a 
predetermined time to form the magnesiimi diboride object comprises the step of heating the 
inert tube to approximately 950 C for one of approximately one half hour for a diameter or 
thickness of one micrometer, approximately two hours for a diameter or thickness of one 
hundred micrometers, less than approximately six hours for a diameter or thickness of one 
hundre forty to two hundred micrometers, and less than fifteen hours for a diameter or 
thickness of three hundred micrometers to form the magnesium diboride object 

24. A magnesium diboride fihn formed by the steps comprising: 
putting a boron film and magnesium into an inert tube; 

heating the inert tube to a predetermined temperature for a predetermined time 
to form the magnesium diboride film; 

cooling the magnesium diboride film at a predetermined rate; and 
removing the form^ed magnesium diboride film from the inert tube. 

25. The magnesium diboride film of claim 24 wherein the boron film is deposited 
on a substrate that is inert to the magnesium. 
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